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@ Techniques for preparing specimens for bacterial assays. 

@ Methods and compositions are disclosed for improved 
liquification of mucoid secretion specimens by treatment with 
disulfide bond reducing agents and/or DNA digestion agents, 
and for improved concentration of selected bacterial species 
from such specimens, by concentrating white blood cells In the 
specimen associated with the bacterial species. The proce- 
dures have applicability to bacterial assay techniques including 
nucleic acid hybridization, culture and stain techniques. 
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Description 



Techniques for Preparing Specimens For Bacterial Assays 



Background of the Invention 

5 

Field of the Invention and Related Art 

Investigators in the 1950's to early 1960's recog- 
nized that there were differences in the composition 
of various mucoid secretions including sputa de- 
pending upon source and the nature of a given 10 
disease process. In particular, the existence of sputa 
that were classified as mucoid and lacked inflamma- 
tory ceils such as are commonly found in association 
with infectious processes, as well as sputa contain- 
ing such cells (classified as purulent), was appreci- 15 
ated. it was suggested that both protein compo- 
nents and DNA were likely to contribute to sputum 
viscosity, and evidence in support of this was 
collected, in particular, DNAses and proteases were 
shown to have the ability to liquify sputa and pus to 20 
some extent. DNAses appeared to have more 
activity when used with purulent sputa; whereas, 
proteases were more effective with mucoid sputa. 
Lieberman, Amer. Rev. Resp. Disease , Vol. 97, 
pp. 662-672 (1968). 25 

In addition to enzymes, a variety of other agents 
such as detergents, salts, oxidizing and reducing 
agents, etc. were tried as liquifying agents, and a 
number worked more or less successfully. Virtually 
all had some disadvantages for one or more of the 30 
usual purposes, which included liquification for use 
in laboratory test procedures and for therapy in 
patients. 

In the early 1960's, the use of the sulfhydryl 
reagent N-acetyl-L-cysteine was reported effective 35 
for liquifying mucoid secretions, both purulent and 
mucoid in nature. Webb, J. Thoracic &; Cardiovascu- 
lar Surg. , Vol. 44, pp. 330-343 (1962). It was claimed 
that the reagent was capable of liquifying both 
mucous (the protein component thought to be 40 
responsible for most of the viscosity in mucoid 
specimens) and DNA, which had been postulated to 
be a significant contributor to viscosity in purulent 
specimens. This reagent and the related compound, 
dithiothreitol (U.S. Patent No. 3,502,779 (March 24, 45 
1970)), gave superior liquification of many mucoid 
specimens for a variety of purposes, as judged by 
comparison with previous procedures. Although 
sulfhydryl reagents may play a role in helping to 
disrupt DNA-protein complexes (nucieoprotein 50 
gels), they do not affect the viscosity of pure DNA 
solutions (which may be very viscous), and it is likely 
that some of these early investigators were observ- 
ing the effects of DNAse and protease contamina- 
tion of their preparations. The inhibitory effect of 55 
DNA upon proteases was recognized by some of the 
earliest investigators. Thus, claims were made that 
suggested that sulfhydryl reagents alone could 
handle both protein and DNA contributions to 
viscosity that may have deterred others from 60 
investigating the usefulness of a combination of 
sulfhydryl reagents and DNAse. 

In more recent work in which attempts were made 



to be more quantitative in measuring sputum 
rheological properties than in the earlier studies, 
investigators have generally discounted the effect of 
DNA on sputum viscosity. They have found no 
correlation between DNA content and viscosity; 
however, they do not appear fully to appreciate that 
the viscosity contributed by the DNA will depend 
upon its physical state as well as amount. Large, 
double-stranded DNA will yield a significantly more 
viscous solution than will short or single-stranded 
fragments. 

Thus, in spite of an early appreciation that 
individual mucoid secretions had variable properties 
and that these variations might be related to 
differences in the relative amounts of* mucous 
glycoprotein and DNA present, no investigators 
have reported trying sulfhydryl reagents and DNAse 
in combination for the liquification of mucoid 
specimens. 

Methods and compositions used to liquify sputum 
and other mucoid or viscous biological specimens in 
a bacterial assay context have suffered from various 
drawbacks. Dilute NaOH will liquify sputum, but is 
less efficient than dithiothreitol (DTT) and in addition, 
kills many bacteria and destroys bacterial RNA. 
(Such RNA is therefore not available for performing 
nucleic acid hybridization assays.) Metal chelators 
such as EDTA have been used without major 
success. Ascorbic acid/copper sulfate/ sodium 
percarbonate mixtures are less effective than DTT 
and also hazardous to use. Detergents such as 
sodium dodecyl sulfate are toxic to many bacteria, 
less effective than DTT, and interfere with stain 
techniques. Sodium hypochlorite also interferes with 
stain techniques, kills many bacteria and is some- 
what unpleasant to work with. 

In addition to questions relating to the liquification 
of sputum and other mucoid or viscous specimens, 
the isolation or concentration of bacterial species 
from such specimens has been problematic in 
certain cases. In particular, bacteria of the genus 
Mycobacterium are difficult to separate in satisfac- 
tory quantities from sputum specimens because 
their density is close to that of water, which renders 
centrifugation inefficient. 

The organisms of the genus Mycobacterium are 
responsible for significant mortality and morbidity in 
humans. M. tuberculosis is the most clinically 
significant mycobacterial pathogen. In 1983, an 
estimated 50,000 Americans had tuberculosis, with 
23,846 cases being reported. TB Statistics: States 
and Cities, Morbidity and Mortality Weekly Report , 
Vol. 33, p. 62 (1983). Worldwide, tuberculosis is 
responsible for approximately three million deaths 
annually. Youmans, G.P., Tuberculosis , pp. 107, W.B. 
Saunders (Philadelphia: 1979). The second most 
clinically significant group of mycobacteria is the M. 
avium complex , which is composed of M. avium and 
M. intracellular . Good &; Snider, J. Infect. Pis. , 146, 
pp. 829-833 (1982). 

Traditional methods for the detection, isolation 
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and identification of Mycobacterium species include 
the acid-fast staining procedures, culture tech- 
niques and biochemicai confirmatory procedures. 
The potential presence of mycobacteria is deter- 
mined through microscopic examination of a spe- 
cimen that has been treated with an appropriate 
stain. The presence of acid-fast bacilli is indicative of 
the presence of mycobacteria. After the initial 
detection of mycobacteria, the specimen may be 
further processed and cultured. The two most 
commonly used culture media are the Lowenstein- 
Jensen media and the Middlebrook media. After 
growth is attained, further differential tests may be 
applied to identify the mycobacterial species pres- 
ent. The Center for Disease Control has recom- 
mended a series of 18 tests that allow for specific 
identification of nearly 90 percent of mycobacterial 
species. Kubica, G.P., in The Mycobacteria: A 
Sourcebook , Part A (Kubica &; Wayne, eds.), 
pp. 133-175, Marcel Dekkar (New York: 1984). 

Techniques used to concentrate mycobacteria 
from sputum have also included, first, treatment with 
DTT (to liquify) and NaOH (to kill off non-mycobac- 
teria and to release mycobacteria from associated 
white blood cells), followed by centrifuging for about 
15 minutes at 3800 x g and neutralization of the 
solution. Recovery of pelleted mycobacteria is 
inefficient, and this method is not ideally adapted to 
a sensitive assay procedure because recovery is not 
quantitative. Furthermore, the NaOH reagent used 
can kill the mycobacteria if left unneutralized too 
long in the specimen. Other concentration tech- 
niques including chloroform extraction, flocculation, 
flotation centrifugation and entrapment in aluminum 
hydroxide or magnesium hydroxide gels have 
proven largely ineffective or problematic, and are not 
widely used today. (See review in Willis, H.S., and 
Cummings, M.M., Diagnostic and Experimental 
Methods in Tuberculosis (1952) Springfield: C.C. 
Thomas.) High speed ultracentrifugation, although 
slightly better in concentrating mycobacteria than 
routine centrifugation, is expensive and does not 
yield a quantitative recovery. 

Summary of the Invention 

The present invention is directed to: (1) iiquifica- 
tion of mucoid secretion and other viscous biological 
specimens and; (2) concentration of bacterial 
species such as mycobacteria, in particular in the 
context of assays for detecting the presence or 
absence of selected bacterial species in biological 
specimens. 

Accordingly, a first aspect of the invention is 
directed to improved methods and compositions for 
liquifying mucoid secretion and other viscous biol- 
ogical specimens, utilizing a liquifying combination 
comprising a disulfide bond reducing agent and a 
DNA digestion agent. 

A second aspect of the invention is directed to 
concentrating a bacterial species from a biological 
specimen (including but not limited to viscous 
biological specimens such as mucoid secretion 
specimens). According to this aspect of the inven- 
tion, a method and means are provided whereby 
bacteria associated with white blood cells in a 



biological specimen are concentrated by direct 
separation (e.g. by centrifugation) of the intact white 
blood cells, and then the white blood ceils are 
selectively lysed such Jhat the bacteria of interest 
5 remain substantially cellulariy intact. 

The methods and compositions disclosed herein 
will be seen to be applicable to a wide range of 
bacterial assay techniques, including nucleic acid 
hybridization, culture and stain techniques. 

10 

Detailed Description 

The present invention relates to improved meth- 
ods and compositions useful In assaying niucoid 
secretion specimens or other biological specimens 

15 for the presence of selected bacterial species. In 
particular, the invention discloses improved means 
for determining whether a mucoid secretion spe- 
cimen of, for example, sputum, cervical mucous, 
bronchial mucous, vaginal mucous or othpr mucous 

20 taken from a human or other animal is infected with a 
given bacterial species. The Invention can ajso be 
applied to other biological samples or specimens 
such as urine, cerebral spinal fluid, whole blood, or 
other body fluids and secretions. 

25 The invention addresses a number of problems 
that have heretofore existed in performing) such 
assays. First, the Invention provides Improved 
means for achieving liquidation of mucosal secre- 
tion samples, such as sputum, and other viscous 

30 biological samples. Such liquidation is necessary in 
order to obtain samples that pan be effectively and 
accurately assayed for selected bacterial species. 
According to this aspect of the Invention, a liquifying 
combination is used comprising a disulfide bond 

35 reducing agent and a DMA digestion agent. A 
preferred reducing agent .Is dithlothreltoi, while a 
preferred DNA digestion agent is deoxyribonuclease 
I purified from bovine pancreas. These components 
are representative of reagents Which are extraordf- 

40 nariiy good, in combination, in liquifying mucoid 
secretion specimens and are likewise compatible 
with other requirements of a successful assay for 
selected bacterial species In such specimens. 
Although a number of Hqulflcation methods have 

45 been used In the past, none Is believed to be as 
effective as the method disclosed herein. 

Secondly, the invention relates to Improved 
methods for concentrating selected bacterial 
species from mucosal secretion specimens or other 

50 biological specimens for the purposes of assaying 
for the presence of such species. In particular, the 
prior art has had considerable difficulty in concen- 
trating or isolating such bacteria as those in the 
genus Mycobacterium because these bacteria, In 

55 conventional specimen processing media, do not 
lend themselves to separation using conventional 
techniques such as centrifugation. According to this 
aspect of the invention, white blood cells associated 
with bacteria are concentrated, preferably by cen- 

60 trifugation, and then are selectively lysed such that 
the bacteria remain substantially cellulariy intact. The 
concentrated bacteria, for example mycobacteria, 
may then be assayed in the concentrated specimen 
using methods and compositions disclosed herein. 

65 The methods and compositions disclosed herein 
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are suitable for use in a number of bacterial assay 
systems, including acid-fast staining procedures, 
culture techniques, biochemical confirmatory proce- 
dures and, particularly, nucleic acid hybridization 
techniques. The invention is particularly suited for 
assaying for the presence of Mycobacterium in 
sputum samples. 

Nucleic acid hybridization techniques are prefer- 
ably used in the present invention to identify 
mycobacteria directly from sputum or other mucoid 
secretion specimens within three hours of specimen 
processing. Nucleic acid hybridization assays are 
based on the ability of complementary nucleic acid 
strands to come together to form double-stranded 
complexes. See generally Minson &; Darby, "Hy- 
bridization Techniques" in New Developments in 
Practical Virology, pp. 185-229, Alan R. Liss, Inc. 
(New York: 1982. Such assays are available from 
Gen-Probe, Inc. (San Diego, California). They may 
use, for example an 125 l-labeled single-stranded 
DNA probe complementary to the ribosomal RNA of 
the target organism (Kohne, et al., in Legionella: 
Proceedings of the 2nd International Symposium 
(Thornsberry, et al., eds.), pp. 107-108, American 
Society for Microbiology (Washington: 1984)). After 
the ribosomal RNA is released from the organism 
using a lysing technique, the 125 I-DNA probe 
combines with the target organism's ribosomal RNA 
to form a stable DNA:RNA hybrid. The remaining 
labeled, non-hybridized probe is separated from the 
hybridized DNA probe using a solid phase separ- 
ation suspension. The absorbed labeled DNA:RNA 
hybrids are counted in a gamma counter and test 
results calculated as the ratio of the counts in the 
patient specimen to the counts of a negative control. 

Each of the assay techniques discussed above 
utilizes a liquification step in order to render the 
starting sputum or other mucoid secretion spe- 
cimen, or other viscous biological specimen, less 
viscous. The viscosity of sputum is attributable in 
part to the presence of mucus glycoproteins. In 
addition, purulent (infected) sputum or other biologi- 
cal samples may contain large amounts of viscous 
DNA generated as a result of host defensive 
responses from destroyed bacteria (e.g., mycobac- 
teria) and from dead white blood cells (primarily 
macrophages and granulocytes). 

The present invention utilizes a mixture of a 
disulfide (cysteine) bond reducing agent and a DNA 
digestion agent such as a DNAse to achieve 
liquification of a starting sputum sample or other 
viscous or mucoid biological sample. These agents 
should be chosen and applied such that the extent 
of disulfide bond and phosphodiester bond cleavage 
attributable to the agents is sufficient to effect, in 
combination, a satisfactory level of liquification. In 
particular, a highly preferred disulfide bond reducing 
agent is dithiothreitol (DTT), while a highly preferred 
DNA digestion agent is deoxyribonuclease I (DNAse. 
I) purified from bovine pancreas. Other useful 
disulfide bond reducing agents may include N-ace- 
tyl-cysteine, cysteine and 2-mercapto-ethane sulfo- 
nate. Endonucleases are generally preferred as 
more efficient liquification agents than exonu- 
cleases. 



it has been discovered that the combination of 
such materials yields liquification results which 
surpass methods or compositions heretofore prac- 
ticed or known to the art. These materials appear to 

5 work in combination in that the DTT reducing agent, 
for example, cleaves disulfide bonds which bridge 
proteinaceous chains in the mucus glycoproteins, 
while the DNAse I enzyme, for example, cleaves 
DNA molecules present in the purulent sputum 

10 specimen. 

A starting specimen of sputum or other mucoid 
secretion may be liquified by either sequential or 
simultaneous exposure to the reducing and DNA 
digestion agents discussed above, in a representa- 

15 five technique, 1 ml of a 0.01 M solution of DTT in 
O.90/0 sterile saline is added to an equal volume of 
sputum specimen. The sample is then vortexed until 
it liquifies (less than one minute typically). The 
sample is then incubated for 5 minutes at room 

20 temperature (18-25°C) and once again vortexed 
briefly. The solubilized sputum (2 ml) is then 
combined with about 1 ml of an approximately 0.1 M 
solution of DTT in O.90/0 sterile saline in a 50 ml 
conical centrifuge tube. To this mixture is then 

25 added 4 drops (about 190 microliters) of DNAse I 
(purified from bovine pancreas; Sigma Chemical Co. 
or Cooper Biomedicals, approx. 1000-2000 Kunitz 
units/mg) at a concentration of approximately 7500 
Kunitz units/ml in 0.85% (w/v) NaCI, 5 mM MgCl2, 5 

30 mM CaCl2 (0.020/0 sodium azide preservative). The 
mixture is vortexed briefly and incubated for 5 
minutes at room temperature. About 30 ml of 0.90/b 
sterile saline is then added to the centrifuge cone 
with mixing, and the sample is centrifuged at 

35 1900-2100 x g for 5 minute in a swinging bucket 
rotor. 

The DNAse solution preferably contains a source 
of magnesium (Mg 2+ ) and calcium (Ca 2 *) which 
serves to activate the enzymatic activity of the 

40 DNAse, stabilize the enzyme during storage (Ca 2+ ) 
and stabilize the cell wall of the white blood cells in 
the sputum sample during centrifugation. One 
important aspect of the present invention is the 
discovery that the ability to concentrate (i.e., 

45 separate or isolate) mycobacteria from sputum 
specimens into a concentrated specimen is greatly 
enhanced if the white blood cells (primarily macro- 
phages in the case of mucosal sputum) in the 
specimen are kept cellularly intact during the 

50 concentration of the bacteria. This result appears to 
be due to the fact that such white blood cells, during 
the immune response, associate to a high degree 
with the target bacteria, as for example mycobac- 
teria. Such association may be in the nature of 

55 incorporation of the bacteria into the interior of the 
white blood ceils, or in the nature of surface 
adherence of the cells to the bacteria. The present 
invention utilizes this association to improve the 
ability to concentrate and isolate the target bacteria 

60 by use of a conventional centrifuge step at readily 
attainable spin rates. 

In view of this significant discovery, it is clear that 
any composition used to liquify the starting sputum 
specimen must be chosen so as to allow rapid and 

65 complete digestion of the mucus glycoprotein and 
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drop (about 50 microliters) contains sufficient 
enzyme to digest and liquify adequately the DNA 
released from the white blood cells during the lysing 
step. The digestion mixture is incubated for about 5 
minutes at about 20-25° C, and yields a concentrated 
specimen that is sufficiently liquified for further 
assay steps. If the concentrated specimen, now 
lysed and digested, is not to be tested immediately 
for presence of a selected bacterial species, it may 
in some cases, as for example mycobacteria, be 
stored at about 2-8° C for 24 hours. 

Bacteria of the Mycobacterium genus are rela- 
tively resistant to destruction of their cellular 
integrity in part because of the high content of waxy 
lipid materials in their ceil walls. Such bacteria 
remain cellularly intact for the purposes of nucleic 
acid hybridization assay techniques to such lysing 
agents as sodium deoxycholate and sodium dodecyl 
sulfate. Other bacterial species which are stable to a 
lysing reagent capable of lysing white blood ceils in 
the centrifugal concentrated specimen may also be 
treated according to the concentration, lysing and 
digestion steps described above. As noted above, 
enteric bile-resistant pathogens may fall in this 
category. In other cases, however, bacterial species 
selected for assaying may not remain sufficiently 
cellularly intact through, for example, the white 
blood celi lysing step. In such a case, the techniques 
of the present invention may still be employed 
advantageously subject to certain modifications. 

First, the technique wherein the selected bacterial 
species to be assayed is concentrated from a 
sputum sample by isolation of white blood cells i 
associated to the bacteria is a general technique 
applicable to a wide range of bacterial species. This 
technique may be utilized as an initial concentrating % 
step regardless of, for example, problems of cellular 
integrity that may be encountered in subsequent 
processing steps. 

In the case of a nucleic acid hybridization assay, it 
is desirable to avoid exposure of the nucleic acid 
content of the bacterial species to be assayed to 
materials, such as DNAses or RNAses, that may 
degrade the nucleic acids. If the bacterial species of 
interest cannot be preserved in a cellularly intact 
state upon lysing the white blood cells, it may be 
desirable to proceed directly to a lysing step which 
simultaneously inactivates any DNAses or RNAses 
which may be present in the lysed concentrated 
specimen. For example, the pelleted white blood 
cells may be lysed with sodium dodecyl sulfate, 
which acts to inhibit or denature DNAses and 
RNAses, followed by a sonication step which can 
cleave released nucleic acids (primarily DNA) and 
render the lysed concentrated specimen less vi- 
scous. Alternately, a lysing reagent such as sodium 
deoxycholate, which generally does not inactivate 
DNAses or RNAses may be used in conjunction with 
an RNAse inhibitor and an added DNAse. This 
combination will digest DNA released from the lysed 
white blood cells and bacteria, thus rendering the 
concentrated specimen less viscous, and will simul- 
taneously prevent degradation of bacterial RNA 
molecules that are to be used as hybridization 
targets in the nucleic acid hybridization assay. Of 



7 028 

DNA components and at the same time not 
substantially degrade the cellular integrity of the 
white blood cells resident in the specimen. The 
desirability of a component such as Mg 2+ or Ca 2 + 
which aids digestion (liquification) of the sputum or 
other mucoid secretion specimen while simulta- 
neously promoting white blood cell stability is also 
apparent. 

It will be further appreciated from the following 
discussion that the use of a carefully chosen 1 
combination of specimen digesting agents such as 
that disclosed herein will be highly advantageous to 
the overall scheme of a successful assay. In 
particular, the use of a DNAse or other nuclease in 
the context of a nucleic acid hybridization type assay ? 
would be considered disadvantageous under normal 
circumstances given the fact that such enzymes 
would digest the hybridization probe and/or bac- 
teria] target nucleic acids used later in the assay. 
However, the present invention circumvents this i 
problem and is able to use a DNAse digestion agent 
to great advantage by utilizing a class of DNAse that 
can be specifically inactivated during later process- 
ing stages. Equally importantly, however, Is the fact 
that the DNAses to be used herein will retain their 2 
activity even in the presence of other agents, such 
as cell lysing agents, that are also used in the 
practice of the present invention. It is seen, 
therefore, that the combinations of liquification 
agents (for specimen digestion) that are claimed 3 
herein, in addition to achieving remarkably good 
liquification results, are carefully suited to the 
practice of the overall assay invention. DNAse I 
purified from bovine pancreas is one example of a 
DNA digestion agent capable of retaining its activity a 
t in the presence of a cell lysing reagent (in particular 

sodium deoxycholate), and this DNA digestion agent 
is therefore preferred in the practice of the present 
invention. 

The functional requirements attaching to liquifica- 4 
tion agents appropriate for use in the present 
invention are related to process steps which follow 
the liquification and centrifugation of white blood 
cells. The pellet resulting from centrifugation, which 
contains intact white blood cells and associated 4l 
bacteria, is isolated by decanting the supernatant. 
The supernatant may contain digested or dead white 
blood cells and bacteria, excess DTT and DNAse, 
and residual glycoproteins and DNA following the 
digestive liquification of the mucoid secretion spe- 5l 
cimen. At this point, the bacteria are then separated 
from the intact white blood cells by, for example, 
lysing the white blood cells. Although a number of 
methods for lysing cells are known to the art, it is 
most advantageous to the practice of the present 5t 
invention to utilize a lysing reagent which is capable 
of lysing the white blood cells and releasing 
associated bacteria while at the same time preserv- 
ing the released bacteria as intact cells. In addition, It 
is most advantageous to employ a lysing reagent 6C 
which will not inhibit the activity of at least one 
DNAse, which DNAse may subsequently be added 
to the lysed concentrated specimen to digest DNA 
material released from the white blood cells (or other 
lysed cells, if such exist). 65 
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course, the added DNAse would have to be 
inactivated prior to adding any DNA hybridization 
probe to the specimen or, alternatively, an RNA 
probe could be employed. 

The selected bacterial species may be assayed 
following concentration of the white blood cells in 
the concentrated specimen. Preferably, the assaying 
step would follow iysing and digestion as described 
above. If the selected bacterial species is to be 
cultured, the concentrated specimen may be treated 
so as to kill undesired species while preserving the 
selected species. In the case of mycobacteria, which 
are relatively hardy, this step may be achieved by 
treating the concentrated specimen (which has 
been lysed and digested) with dilute sodium hydrox- 
ide. Alternately, it appears that treatment with 
sodium dodecyl sulfate will selectively kill many 
bacterial species other than mycobacteria. Another 
method for selectively culturing the selected bac- 
terial species is to use a culture medium which 
inhibits growth of all or most microorganisms other 
than the bacterial strains of interest. 

A preferred method of assaying for the presence 
of the selected bacterial species involves nucleic 
acid hybridization techniques. A quantitative sample 
(100 ul, for example) of the lysed, digested concen- 
trated specimen prepared as described above and 
containing, for example, cellularly intact mycobac- 
teria is transferred to a container for Iysing of the 
bacteria. Lysis of the bacteria should not be 
performed before Inactivation of DNAses and 
RNAses in the specimen which may Interfere with 
the nucleic acid hybridization procedure. Sodium 
dodecyl sulfate may be used as such an inactivating 
agent, and in addition acts to solubiiize proteins and 
other cell components. A glass Iysing tube contain- 
ing glass beads and a Iysing reagent such as sodium 
dodecyl sulfate, the use of which is disclosed in 
pending U.S. Patent Application Serial No. 841,860, 
filed March 20, 1986, is particularly suited for this 
bacterial Iysing step. The Iysing tubes are capped, 
placed in a water bath sonicator (50-70° C) and 
sonicated for about 15 minutes. (In order to insure 
optimal energy transfer, the water In the water bath 
sonicator is preferably degassed prior to this 
operation by sonicating for about 15 minutes.) 

Following sonication, the lysed concentrated 
bacterial sample may be subjected to nucleic acid 
hybridization assay as disclosed, for example, in 
pending U.S. Patent Application Serial No. 816,711, 
filed January 7, 1986. The probe reaction mixture 
may contain a detergent-like reagent such as 
diisobutyisulfosuccinate, which acts to speed up the 
hybridization process and inhibit any activity of 
residua! DNAse. 

Examples 

Example 1: Lysis of White Cells with Sodium 
Deoxycholate; Elimination of Viscosity with DNAse I 
Sputum (0.25 ml) was mixed with a solution of 
dithiothreitol in phosphate buffer (1 M dithiothreltol, 
0.1 M sodium phosphate (pH 7.5)) using a vortex 
mixer. A solution of 309/0 deoxychoate (0.5 ml) was 
added, which caused the specimen to immediately 
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become very viscous due to release of DNA from 
leukocytes. Ten microliters deoxyribonuclease I (5 
mg/ml) were added, and the specimen was again 
mixed. The viscosity disappeared on standing a few 

5 moments at room temperature. 

The experiment indicated that DNA could contrib- 
ute to viscosity In sputum specimens and that 
DNAse I could act to degrade the DNA and reduce 
sputum viscosity In the presence of 5% sodium 

10 desoxycholate. The' experiment also indicated that 
some sputum specimens' do not have sufficiently 
high levels of endogenous DNAse to efficiently 
degrade DNA that is contributing to viscosity. 

15 Example 2: Lysis of White Cells with Sodium 
Deoxycholate; Elimination of Viscosity by 
Endogenous DNAse Activity 

One-half ml purulent sputum containing greater 
than 50 leukocytes per 100 x smear on microscopic 

20 examination was mixed with 0.5 ml 0.001 M dithio- 
threitol In 0.01 sodium phosphate buffer, pH 7.5. The 
sample was mixed on a vortex mixer for a few 
seconds and allowed to stand at room temperature 
for 15 minutes during which time it had liquified. A 50 

25 microliter portion was transferred to a test tube and 
mixed with 2 volumes 10Q/b sodium deoxycholate 
resulting in an immediate increase in viscosity. The 
viscosity then disappeared over the subsequent 
10-20 seconds. 

30 The experiment indicated that exposure to dithio- 
threltol at low concentrations did not lyse white cells 
or release their DNA in a sputum specimen under 
the conditions used. Addition of sodium desoxycho- 
late lysed the cells and released their DNA which 

35 made the solution viscous. The viscosity decreased 
spontaneously In this specimen, and this was 
attributed to the action of endogenous DNAses. 

Example 3: Liquidation of Mucoid Sputum 
40 Specimens with Dithiothreitol and DNAse I 

Twelve sputum specimens of all types inciuding 
bloody and mucopurulent were mixed with an equal 
volume of solubillzlng reagent containing 1M dithio- 
threitol, 0.1 M Tris-HCI (pH 8.0), 0.25<Vb DNAse I. 
45 All sputa liquified promptly and completely. 

Example 4: Liquificatlon of Sputum Specimens with 
Dithiothreitol and DNAse I with Added Magnesium 
A pooled sputum sample (from 3 acid-fast smear 

50 positive sputum specimens) was mixed with an 
equal volume 1 M dithiothreitol, 0.1 M Tris-HCI (pH 
8.0). Fifty microliters of 0.1 M MgCb were added 
along with 10 \l I DNAse I (20 mg/ml; 1400 unlts/mg; 
In 0.15 M NaCI, 50 mM CaCI 2 . 

55 The sputum specimen liquified well. The addition 
of MgCl2 appeared to accelerate the liquidation 
process compared with previously treated samples 
in which the divalent cation (required by DNAse I for 
activity) was not specifically added. 

60 

Example 5: Efficiency of Recovery of Mycobacteria 
by Centrtfugatlon oTWhlte Cells 

One-half ml of sputum (acid-fast positive) was 
mixed with an equal volume of 0.1 M Tris-HCI (pH 
65 8.0), 1 M dithiothreitol by vortexing. The liquified 
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sputum was centrifuged for 3 minutes in a clinical 
centrifuge. The supernatant was retained and set 
aside. The pellet was washed once with 5 ml. 0.15 M 
NaCI. The samples were then assayed for mycobac- 
terial rRNA by hybridization with an l 125 -labelled 5 
DNA probe. 

Kinetics of hybridization indicated that there were 
at least 1.6 x 10 7 mycobacteria per 0.5 ml sputum in 
the cell associated fraction. No mycobacteria were 
detected in the supernatant fraction, and the 10 
maximum number that could have been present 
without detection was calculated to be about 2 x 10 6 
per ml. Addition of mycobacterial RNA to the 
supernatant fraction followed by hybridization assay 
indicated that the negative result on the supernatant 15 
was not due to components that inhibited the 
hybridization assay. It was concluded that mycobac- 
teria can be efficiently pelleted from a liquified 
sputum specimen at relatively low centrifugal forces. 

20 

Example 6: Repeat of Assays Using Protocol of 
Example 5 and Four Other Acid-Fast Positive 
Sputum Specimens 

The experimental protocol given in example 5 was 
repeated on four additional sputum specimens with 25 
the following results: 

Specimen 1 : 

The cell pellet contained about 6 x 10 6 mycobac- 
teria total; the supernatant contained a maximum of 30 
3 x 10 s mycobacteria total. 

Specimen 2 : 

The cell pellet contained about 4x 10 6 mycobac- 
teria total; the supernatant contained a maximum of 35 
1 x 10 5 mycobacteria total. 

Specimen 3 : 

The cell pellet contained about 1 x 10 7 mycobac- 
teria total; the supernatant contained a maximum of 40 
1 x10 5 mycobacteria total. 

Specimen 4 : 

The cell pellet contained about 3x 10 8 mycobac- 
teria total; the supernatant contained a maximum of 45 
2x10 5 mycobacteria total. 

The experiments confirmed that mycobacteria can 
be efficiently recovered in the white cell fraction of a 
sputum specimen. 



Claims 

55 

1. A method of liquifying a mucoid secretion 
specimen or other viscous biological specimen, 
comprising the steps of: 

(a) contacting said specimen with a 
disulfide bond reducing agent so as to 60 
cleave disulfide bonds in proteinaceous 
molecules in said specimen; and 

(b) contacting said specimen with a DNA 
digestion agent so as to cleave phospho- 
diester bonds In DNA molecules in said 65 



specimen. 

2. The method of claim 1 wherein said 
disulfide bond reducing agent is dithiothreitol. 

3. The method of claim 1 or 2 wherein said 
DNA digestion agent is deoxyribonuclease I. 

4. The method of any one of the preceding 
claims wherein said mucoid secretion specimen 
is a sputum specimen. 

5. In a kit for assaying a mucoid secretion or 
other viscous biological specimen for the 
presence of a selected biological species, 
which kit includes a means for liquifying said 
specimen prior to assaying for said species, the 
Improvement comprising a means in said kit for 
liquifying said specimen according to any one of 
the preceding claims. 

6. The improvement of claim 5 wherein the 
selected biological species is a selected bac- 
terial species. 

7. The improvement of claim 6 wherein said 
selected bacterial species is a mycobacterium 
or an enteric bile-resistant pathogen. 

8. In a method for assaying a mucoid 
secretion specimen, or other viscous biological 
specimen, for the presence of a selected 
bacterial species, which method comprises the 
steps of liquifying said specimen prior to 
assaying for said species and assaying for said 
species using a nucleic acid hybridization 
technique, the Improvement comprising liqui- 
fying said specimen by contacting said spe- 
cimen with a digestion mixture comprising a 
DNA digestion agent capable of cleaving phos- 
phodiester bonds in DNA molecules in said 
specimen. 

9. The method of claim 8 wherein said DNA 
digestion agent is deoxyribonuclease I. 

10. The improvement of claim 8 or 9 wherein 
said digestion mixture further comprises a 
disulfide bond reducing agent capable of cleav- 
ing disulfide bonds in said specimen. 

11. The method of claim 10 wherein said 
disulfide bond reducing agent is dithiothreitol. 

12. In a method for assaying a biological 
specimen for the presence of a selected 
bacterial species, which method includes the 
steps of concentrating the selected bacterial 
species from said biological specimen into a 
concentrated specimen and assaying said con- 
centrated specimen for the presence of said 
selected bacterial species, the improvement 
comprising the step of forming said concen- 
trated specimen by concentrating white blood 
cells from said biological specimen, which white 
blood cells are associated with a portion of said 
selected bacterial species. 

13. The improvement of claim 12 wherein said 
biological specimen comprises a mucosal se- 
cretion specimen. 

14. The improvement of claim 13 wherein said 
mucosal secretion specimen comprises spu- 
tum. 

15. The improvement of any one of claims 12 
to 14 wherein said selected bacterial species is 
a mycobacterium, or an enteric bile-resistant 
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